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SUMMARY. The efficacy of adjuvant interferon treatment for
the management of patients with viral hepatitis-related
hepatocellular carcinoma (HCC) following curative treat-
ment is controversial. We have conducted a systematic
review with meta-analysis to assess the effects of adjuvant
interferon therapy on survival outcomes. Randomized and
nonrandomized studies (NRSs) comparing adjuvant inter-
feron treatment with the standard of care for viral hepati-
tis-related HCC after curative treatment were included.
CENTRAL, Medline, EMBASE and the Science Citation
Index were searched with complementary manual searches.
The primary outcomes were recurrence-free survival (RFS)
and overall survival (OS). Nine randomized trials and 13
NRSs were included in the meta-analysis. These nine ran-
domized trials included 942 participants, of whom, 490
were randomized to the adjuvant interferon treatment
group and 452 to the control group. The results of meta-

analysis showed unexplained heterogeneity for both RFS
and OS. The 13 NRSs included 2214 participants, of whom,
493 were assigned to the adjuvant interferon treatment
group and 1721 to the control group. The results of meta-
analysis showed that, compared with controls, adjuvant
interferon treatment significantly improved the RFS [hazard
ratio (HR) 0.66, 95% confidence interval (CI) 0.52-0.84,
I? = 29%] and OS (HR 0.43, 95% CI 0.34-0.56, I* = 0%)
of patients with hepatitis C virus-related HCC following
curative treatment. There was little evidence for beneficial
effects on patients with hepatitis B virus-related HCC.
Future research should be aimed at clarifying whether the
effects of adjuvant interferon therapy are more prominent
in hepatitis C patients with sustained virological responses.

Keywords: adjuvant therapy, hepatocellular carcinoma,
interferon, liver cancer, meta-analysis, viral hepatitis.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the leading causes
of cancer death worldwide, and its incidence has continu-
ously increased over the past two decades [1,2]. Early detec-
tion of asymptomatic HCC followed by surgical resection,
ablation therapy or liver transplantation offers patients a
better chance of long-term survival [2-5]. However, the

Abbreviations: CI, confidence interval; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard
ratio; NOS, Newcastle-Ottawa Scale; NRS, nonrandomized study;
RCT, randomized controlled trial; SVR, sustained virological
response.

Correspondence: Pei-Jer Chen, Graduate Institute of Clinical
Medicine, National Taiwan University College of Medicine, No. 7,
Chung San South Road, Taipei 10002, Taiwan.

E-mail: peijerchen@ntu.edu.tw

© 2013 John Wiley & Sons Ltd

annual recurrence rate of HCC after curative treatment is
approximately 15-20% and reaches 80-90% in the fifth
year [6]. In addition, the overall 5-year survival rate after
surgical resection ranges from 30% to 40%, and most
patients die of intrahepatic tumour recurrence [3,4,6,7].
Therefore, it is very important that we develop an under-
standing on the prevention of HCC recurrence after curative
treatment to ensure long-term survival benefits.

Several studies have shown that chronic viral hepatitis,
including hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections, leads to chronic inflammation in liver
parenchyma, hepatocyte damage and liver regeneration.
Viral hepatitis-related chronic liver diseases are associated
with an increased risk of hepatocarcinogenesis and postop-
erative recurrence in the remnant liver [8,9]. Interferon-o
is an antiviral cytokine that has long been used clinically to
treat chronic HBV and HCV infections. In addition, inter-
feron-o has been demonstrated to have antiproliferative,
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immunomodulatory and antiangiogenic effects on human
cancers [10,11]. Thus, interferon-o. has been proposed to
have anticancer effects and to reduce or delay recurrence
after curative treatment of HCC.

Earlier randomized controlled trials (RCTs) exploring
adjuvant interferon therapy for patients with HCV-related
HCC after curative treatment have reported promising
improvement in recurrence-free survival [12-14]. How-
ever, two large RCTs failed to confirm the efficacy of adju-
vant interferon therapy for recurrence-free survival and
overall survival in patients with viral hepatitis-related HCC
after curative treatment [15,16]. Although several system-
atic reviews and meta-analyses suggested that adjuvant
interferon therapy significantly improved recurrence-free
survival and overall survival, the routine administration of
adjuvant interferon treatment in these populations is still
controversial [17-22]. To appropriately evaluate the effi-
cacy of adjuvant interferon therapy (compared with stan-
dard of care treatment) on the survival outcomes of
patients with viral hepatitis-related HCC following curative
treatment, we have performed a comprehensive systematic
review of the clinical evidence.

MATERIALS AND METHODS

Search strategy

This prospective review was conducted according to our
registered protocol, which included plans for data analysis
as well [23]. Our selection process for determining the
inclusion of studies was not restricted by language, publi-
cation status or date. The search terms used were HCC,
hepatic tumour, liver cancer, liver tumour, interferon, pe-
ginterferon, pegylated interferon, viraferonpeg, pegintron
and pegasys. We combined the exploration of MeSH de-
scriptors with the application of Boolean operators. We
searched the following databases: CENTRAL (the Cochrane
Library, latest issue May 2012), MEDLINE (January
1950-May 2012), EMBASE (January 1980-May 2012)
and the Science Citation Index (January 1981-May 2012).
The MEDLINE search strategy is described in Appendix 1.
To identify relevant trials, we also searched the reference
lists of systematic reviews and databases of clinical trials
(http://www.clinicaltrials.gov/).

Inclusion criteria

We included articles on RCTs and nonrandomized studies
(NRSs) comparing adjuvant interferon therapy with con-
trols in patients after curative treatment for viral hepatitis-
related HCC. We included NRSs for two reasons. First,
adjuvant interferon therapy studies cannot be blinded and
can have several adverse effects; therefore, well-conducted
NRSs might offer evidence that is comparable with the
results of RCTs [24]. Second, we were able to obtain sub-

group information (e.g. information on the sustained viro-
logical responses [SVRs] group) from NRSs involving
patients with HCV infections. This information would only
be available if we were able to conduct individual patient
data meta-analysis of RCTs. We included trials that com-
pared adjuvant interferon therapy to standard of care
treatment after curative treatment (e.g. surgery or abla-
tion) for viral hepatitis-related HCC. Our primary outcomes
were recurrence-free survival and overall survival.

Selection of studies and data extraction

Three authors (TSH, YCS and JNS) independently screened
the titles, abstracts and full texts of trials identified in the
literature search. Two authors (TSH and YCS) indepen-
dently extracted the data and assessed the trial quality. A
third author (SSY) was consulted to resolve disagreements
and for quality assurance. We used a predesigned standard
form to extract the following information: characteristics of
the study (study settings, study designs, methods of ran-
domization and methods for adjusting confounding fac-
tors), characteristics of participants and diseases,
interventions (type of interferon, dose and duration) and
outcomes (survival outcomes and adverse events).

Assessment of risk of bias in the included studies

We adjudicated the methodological quality of the included
RCTs using the risk of bias tool suggested by the Cochrane
Handbook for Systematic Reviews of Interventions [25]. The
risk of bias tool for RCTs uses a domain-based evaluation
method that includes the following risk of bias domains:
selection bias (random sequence generation and allocation
concealment), performance bias (blinding of participants
and personnel), detection bias (blinding of outcome assess-
ment), attrition bias (incomplete outcome data) and report-
ing bias (selective reporting). In addition, we assessed the
methodological quality of NRSs using the Newcastle-Ottawa
Scale (NOS) [26]. The NOS includes three parts: selection
scores (representativeness of the exposed cohort, selection of
the nonexposed cohort, ascertainment of exposure and dem-
onstration that the outcome of interest was not present at
the start of the study, with one point for each item); compa-
rability scores (comparability of cohorts based on the design
or analysis, with a maximum of two points); and outcome
scores (assessment of outcome, determination of whether
follow-up was long enough for outcomes to occur and ade-
quacy of follow-up of cohorts, with one point for each item).
We defined ‘high quality’ as an NOS of >8 points and
‘moderate quality’ as NOS between 5 and 7 points.

Data synthesis and statistical analysis

In literature-based meta-analyses, the hazard ratio (HR),
which takes into account the number and timing of

© 2013 John Wiley & Sons Ltd
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ate effect size for time-to-event outcomes [27]. Thus, we
extracted HRs with confidence intervals (CIs) (if avail-
able) from individual studies to estimate the summary
effects. If these data were not available, we attempted to
estimate the summary effects by applying the methods
suggested by Parmar et al. [27]. The calculations were
performed using a spreadsheet developed by Tierney et al.
[28]. Among HCV-infected patients, the survival out-
comes of SVR groups were also extracted from individual
NRSs (if reported). We pooled the summary effect size
with random-effects meta-analysis [29]. Statistical hetero-
geneity was assessed using the I* statistic and the Q sta-
tistic with the chi-square test where I < 25% indicates
low heterogeneity, 25% < I> < 50% indicates moderate
heterogeneity and I? > 50% indicates large heterogene-
ity [30,31]. We explored the clinical heterogeneity using
subgroup analyses based on type of viral hepatitis, treat-
ment duration and study quality. We performed data
synthesis and statistical analysis using Review Manager
(RevMan Version 5.1; The Nordic Cochrane Center,
Copenhagen, Denmark). For statistical analysis, the sig-
nificance level was established at 0.05.

© 2013 John Wiley & Sons Ltd

Search results and study characteristics

Figure 1 summarizes the literature search results. We
excluded 10 references after a comprehensive review of the
full texts. We detailed the reasons for exclusion in Table
S1. We included 10 RCTs [14,15,17,32-38] and 13 NRSs
[39-51]. Table 1 outlines the key characteristics of the
included RCTs. Most of the included trials were conducted
in Asia including five that were performed in Japan. Miy-
aguchi et al. enrolled patients that developed HCC post-
HCV clearance; however, because of variation in inclusion
criteria compared with other RCTs and the efficacy of the
curative treatment strategy, we excluded this study from
data synthesis. Five RCTs recruited patients with HCV-
related HCC, whereas three RCTs recruited mostly HBV-
related HCC (> 80%). One study enrolled both HCV- and
HBV-related HCC patients. The inclusion/exclusion criteria,
curative treatment strategies, interferon administration
schedule and reported SVRs varied between the studies.
Table 2 outlines the key characteristics of the included
cohort studies, which were all conducted in Asia (most
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Table 3 HRs for the recurrence-free survival and overall survival of patients given adjuvant interferon treatment compared
with controls according to meta-analysis and subgroup analysis of randomized controlled trials

HR (95% CI)

Test for heterogeneity Test for interaction

Recurrence-free survival

Overall (9 studies)

Subgroup analysis according to type of viral hepatitis
Patients with HCV (5 studies)
Recruited > 80% patients with HBV (3 studies)

Overall survival

Overall (7 studies)

Subgroup analysis according to type of viral hepatitis
Patients with HCV (4 studies)
Recruited > 80% patients with HBV (3 studies)

0.75 (0.56-1.01)

0.65 (0.40-1.05)
0.96 (0.73-1.26)

0.45 (0.25-0.80)

0.27 (0.12-0.62)
0.68 (0.32-1.45)

P=0.02, P =57% NA

P = 0.06, I’ = 56%
P =023 1= 32%

P=20.16

P = 0.0006, P = 75% NA

P=0.14, I’ = 45%
P = 0.003, I’ = 83%

P=0.11

CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HRs, hazard ratio; NA, not applicable.

Bold values indicate large heterogeneity.

commonly in Japan). Most studies used the retrospective
cohort design, and only two were prospective studies.
Moreover, most studies recruited patients with HCV-related
HCC, and only two studies enrolled HBV-related HCC
patients. The interferon administration schedule and
reported SVRs varied among the included studies. How-
ever, the included populations and curative treatment
strategies were more consistent in NRSs than in RCTs. In
both NRSs and RCTs, most patients were middle-aged to
elderly men.

Quality assessment

A summary of the risk of bias is provided for RCTs and
NRSs (Tables S2 & S3, respectively). The included RCTs
varied with regard to reporting of random sequence gener-
ation and allocation concealment. All the RCTs were at
high risk for performance bias, and most of the included
RCTs were at high risk for reporting bias. The NOS of the
NRSs ranged from 5 to 9 points. Six NRSs had scores of
more than eight points.

Meta-analysis of recurrence-free survival and overall
survival data from randomized controlled trials

Overall, all nine RCTs reported recurrence-free survival,
whereas seven reported overall survival. These nine trials
comprised 942 participants, of whom, 490 were random-
ized to the adjuvant interferon treatment group and 452
were randomized to the control group. The results of meta-
analysis showed statistically significant heterogeneity for
both recurrence-free survival and overall survival (Table 3;
Figs S1 & S2). The results showed that most of the vari-
ability across studies was because of heterogeneity rather
than chance. Therefore, we could not justifiably interpret
the results by merely pooling the summary effect.

Subgroup analysis stratified by type of viral hepatitis
showed that there was little evidence for improvement of
recurrence-free survival among patients with HBV-related
HCC who were administered adjuvant interferon treat-
ment (Table 3 and Fig. S3). Adjuvant interferon treat-
ment significantly improved the overall survival of
patients with HCV-related HCC compared with controls
(Table 3 and Fig. S4). However, there was still a moder-
ate level of heterogeneity.

Meta-analysis of recurrence-free survival and overall
survival data from nonrandomized studies

Overall, 11 of 13 NRSs reported recurrence-free survival,
and 11 of 13 NRSs reported overall survival. These 13 trials
comprised 2214 participants, of whom, 493 were assigned
to adjuvant interferon treatment and 1721 were assigned
to control treatment. Adjuvant interferon treatment had a
statistically significant effect on the recurrence-free survival
of patients with HCV-related HCC compared with controls
(HR 0.66, 95% CI 0.52-0.84; Table 4 and Fig. S5). There
was moderate between-study heterogeneity (P = 0.19,
I? = 29%). Subgroup analyses according to treatment dura-
tion and study quality showed little evidence for interaction.
Adjuvant interferon treatment had a statistically significant
effect on the overall survival of patients with HCV-related
HCC compared with controls (HR 0.43, 95% CI 0.34-0.56;
Fig. 2), and there was little evidence of statistical heteroge-
neity (P = 0.43, I> = 0%). Moreover, subgroup analyses
according to treatment duration and study quality showed
little evidence for interaction (Table 4).

Four studies provided subgroup data on the recurrence-free
survival and overall survival of HCV patients who achieved
SVR. Adjuvant interferon treatment had a statistically signifi-
cant effect on the recurrence-free survival of SVR patients
compared with controls (HR 0.60, 95% CI 0.36-0.98,

© 2013 John Wiley & Sons Ltd
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Table 4 HRs for the recurrence-free survival and overall survival of patients given adjuvant interferon treatment compared
with controls according to meta-analysis and subgroup analysis of nonrandomized studies

HR (95% CI) Test for
P-value Test for heterogeneity interaction
Recurrence-free survival
Subgroup analysis according to types of viral hepatitis
Patients with HCV (9 studies) 0.66 (0.52-0.84) P=0.19, I’ = 29% P =0.66
P = 0.0007
Patients with HBV (2 studies) 0.50 (0.14-1.70) P=0.08F =67%
P=0.27
Subgroup analysis according to treatment duration among studies that recruited patients with HCV infections
Treatment duration >12 months (3 studies) 0.59 (0.42-0.84) P=0.26,°=26% P =0.48
P = 0.003
Treatment duration <12 months (6 studies) 0.71 (0.50-1.00) P=0.18, I’ = 34%
P = 0.05
Subgroup analysis according to study quality among studies that recruited patients with HCV infections
High quality (NOS > 8 points) (4 studies) 0.71 (0.56-0.90) P=0.53,=0% P=0.24
P = 0.005
Moderate quality (NOS between 5 and 7 points) (5 studies) 0.51 (0.31-0.85) P =0.08, P =52%
P =0.01
Overall survival
Subgroup analysis according to type of viral hepatitis
Patients with HCV (10 studies) 0.43 (0.34-0.56) P=0431=0% P=0.13
P < 0.00001
Patients with HBV (1 study) 0.61 (0.42-0.89) NA
P < 0.009
Subgroup analysis according to treatment duration among HCV studies
Treatment duration >12 months (3 studies) 0.50 (0.37-0.68) P=0.55 1 =0% P =0.09
P < 0.00001
Treatment duration <12 months (7 studies) 0.32 (0.21-0.49) P=0.54, 1 =0%
P < 0.00001
Subgroup analysis according to NOS among HCV studies
High quality (NOS > 8 points) (5 studies) 0.41 (0.28-0.59) P=0.24,1°=27% P =0.80
P < 0.00001
Moderate quality (NOS between 5 and 7 points) (5 studies) 0.37 (0.20-0.67) P=043 1 =0%
P = 0.001

CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HRs, hazard ratio; NA, not applicable; NOS, Newcas-

tle—Ottawa Scale.
Bold values denote significance level at 0.05.

I? = 35%; Fig. $6). Adjuvant interferon treatment also signifi-
cantly improved the overall survival of SVR patients com-
pared with controls (HR 0.60, 95% CI 0.36-0.98, I* = 35%;
Fig. S7). However, the sample sizes were small for both recur-
rence-free survival and overall survival.

Publication bias

We evaluated the publication bias of cohort studies that
recruited patients with HCV-related HCC using the funnel
plot. The funnel plot was symmetrical for large studies
(Fig. S8). Small studies with negative effects could be miss-
ing, and if they were, the true effect could be smaller than
the overall effect.

© 2013 John Wiley & Sons Ltd

DISCUSSION

There are a few previously published systematic reviews on
this topic, but ours included more studies than theirs
[17-21]. In addition, the pooling of RCTs and NRSs in
some of the previous meta-analyses may not have been
appropriate [25]. Furthermore, most published NRSs
included patients with HCV-related HCC. The pooling of
RCTs and NRSs that recruited patients with different types
of viral hepatitis could lead to spurious findings that adju-
vant interferon therapy improves recurrence-free survival
and overall survival among patients with HBV or HCV-
related HCC following curative treatment. Importantly,
the mechanisms of hepatocarcinogenesis and clinical
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Hazard ratio Hazard ratio

Study or subgroup Log[hazard ratio] SE Interferon total Control total Weight IV,Random,95% CI Year IV,Random,95% CI

Viral hepatitis C

Suou et al. -21 0.82 18 22 2.2% 0.12 [0.02,0.61] 2001

Sakaguchi et al. -1.63 1.41 24 33 0.7% 0.20 [0.01,3.11] 2005

Akamatsu et al. —0.947 0.423 53 399 7.6% 0.39 [0.17,0.89] 2006 —_—

Jeong (b) et al. —-1.139 0.547 42 42 4.7% 0.32 [0.11,0.94] 2007

Jeong (a) et al. -0.58 0.753 16 16 2.5% 0.56 [0.13,2.45] 2007 NI, —

Kudo et al. -0.916 0.321 43 84 12.3% 0.40 [0.21,0.75] 2007 AP,

Katagiri et al. -0.52 0.52 20 182 5.2% 0.59 [0.21,1.65] 2008 -

lkeda et al. -0.598 0.177 77 302 30.0% 0.55 [0.39,0.78] 2010 -

Hagihara et al. -1.661 0.803 34 34 2.2% 0.19 [0.04,0.92] 2011

Tanimoto et al. —-1.661 0.516 38 38 5.2% 0.19 [0.07,0.52] 2012

Subtotal (95% CI) 365 1152 72.6% 0.43 [0.34,0.56]

Heterogeneity: Tau?=0.00; Chi? = 9.04, df = 9 (P = 0.43); I = 0% ¢

Test for overall effect: Z=6.61 (P< 0.00001)

Viral hepatitis B

Quetal. —0.493 0.19 101 467 27.4% 0.61 [0.42,0.89] 2010 -

Subtotal (95% CI) 101 467 27.4% 0.61 [0.42,0.89] ’

Heterogeneity: Not applicable

Test for overall effect: Z=2.59 (P = 0.009)

Total (95% CI) 466 1619 100.0% 0.46 [0.36,0.59] | £ ’ y ;

Heterogeneity: Tau?= 0.02; Chi®=11.27, df =10 (P = 0.34) ; P=11% ! H ' '
0.01 0.1 1 10 100

Test for overall effect: Z = 6.35 (P< 0.0001)
Test for subgroup difference: Chi?=2.26, df =1 (P =0.13) ; = 55.8%

Favors interferon Favors control

Fig. 2 Forest plot of nonrandomized studies comparing the overall survival of patients with viral hepatitis-related
hepatocellular carcinoma treated with adjuvant interferon therapy after curative treatment with that of controls. The data

are stratified according to the type of viral hepatitis.

management of chronic HBV and HCV infections are differ-
ent [52,53].

Nevertheless, the results of our meta-analysis of RCTs are
still difficult to interpret because of unexplained heterogene-
ity. The results of the meta-analysis of NRSs provide evi-
dence that compared with standard of care treatment,
adjuvant interferon therapy significantly improves the recur-
rence-free survival and overall survival of patients with
HCV-related HCC following curative treatment. Subgroup
analysis according to treatment duration indicated that
there is little evidence for larger effects of prolonged adjuvant
interferon treatment (i.e. more than 12 months). Adjuvant
interferon treatment significantly improves the recurrence-
free survival and overall survival of HCV-related HCC
patients who exhibit SVRs. However, only four studies pro-
vide adequate data with which to pool the summary effect.

Previous research has indicated that interferon-o may
have anticancer effects [11,12]. If this is the case, inter-
feron-o may be beneficial for patients with HCV-related
HCC or HBV-related HCC. However, our meta-analysis
demonstrates that there is little evidence indicating that
adjuvant interferon therapy improves recurrence-free sur-
vival and overall survival among patients with HBV-related
HCC. The use of adjuvant interferon treatment to prevent
secondary carcinogenesis via the suppression of inflamma-
tion should be further investigated in patients with
HBV-related HCC. On the other hand, our meta-analysis
suggests that the current standard of care treatment for HCV
infections, which employs pegylated interferon-« and ribavi-
rin [52], should be adopted in clinical practice to treat
patients with HCV-related HCC after curative treatment. The

question of whether the effects of adjuvant interferon ther-
apy are more prominent in patients with SVRs can only be
answered after more clinical trials are performed.

Our meta-analysis had several advantages. First, we per-
formed a comprehensive literature search to reduce the
effect of publication bias. Second, we used the HR as the
summary effect size metric for time-to-event outcomes. The
HR calculated for a meta-analysis is interpreted as the rela-
tive hazard of an event occurring in the intervention group
compared with its hazard of occurrence in the control
group. Moreover, it can also be translated into an absolute
difference in the proportion of patients who are event-free
at a particular time point by assuming proportional haz-
ards, and it can be translated into an absolute difference in
the median event-free time by assuming exponential distri-
butions. Third, we assessed the risk of bias in RCTs and
NRSs with standard tools suggested in the Cochrane Hand-
book for Systematic Reviews of Interventions [25]. The use
of such tools facilitates the conduct of subgroup analyses
to detect the effect of study quality on the pooled effect.
Finally, combining the effect according to the viral hepati-
tis type makes the results more practical.

Our meta-analysis had several limitations. First, selection
bias is always a concern in NRSs, and second, confounding
factors could be another source of bias. Nevertheless, inter-
feron treatment, like surgical intervention, cannot be
blinded and can have several adverse effects. Abraham
et al. [24] have demonstrated that meta-analyses of well-
designed nonrandomized comparative studies of surgical
procedures are probably as accurate as those of RCTs.
Third, most NRSs used a retrospective design, and retro-
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spective studies inevitably have information bias. Fourth,
small studies with negative effects might be missing, which
could lead to an overestimation of the overall effect. How-
ever, we believe that our conclusions would not be altered
by small-study effects. Finally, we cannot assess whether
interferon therapy would have time-varying effects. In this
situation, the proportional hazard assumptions would be
violated in primary studies, and the HR would be a func-
tion of time. Most of the published studies did not address
this question nor did they conduct an analysis to test the
proportional hazard assumption.

Adjuvant interferon therapy significantly improves the
recurrence-free survival and overall survival of patients
with HCV-related HCC following curative treatment. On
the basis of our results, recommendations for adjuvant
interferon-based strategies to treat these patients should be
considered. There is little evidence to advocate adjuvant
interferon therapy for the treatment of patients with HBV-
related HCC after curative treatment. Future research
should clarify whether the effects of adjuvant interferon
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